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Table 1.  Properties comparing of the three sourcel®?.

Source
DUV-DPL Synchrotron radiation Gas discharge laser
Energy resolution/meV ~0.26 1—5 ~1.2
Photon circulation 10%4—101 1010—10"2 ~10"2
Photon flux density/photon-s!-cm? 1019—10% 1012—10" <10
Wavelength range/nm 170—210 1—210 58.5
Mode of operation ns, ps, fs pulse ps pulse continuous wave

Detection depth/nm

~10 (bulk effect)

0.5—2 (skin effect) ~0.5 (skin effect)
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Fig. 1. Schematic drawings of the DUV laser optical sys-
tem with (a) circular and (b) linear polarizations/®.
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Fig. 2. Optical system of the DUV-PEEM system.

PEIE, A T WRESNIOEIR R PEEM R 480
Il IE AR RIREINEOL OLTRER v = 7.0 eV)
SRS T He K74 #9551 (FR8 UV O,
HTFRER W = 4.9 eV) #E1T PEEM W, 752248
&, PEEM R 40l 45 & AL B f 7 2 il B
(low energy electron microscopy, LEEM) FIIk g
74 (low energy electron diffraction, LEED)
BOR, ST R T A, dnfEl 3 frzs (69,

| 1/2 and 1/4

KBBF-PCT Wave plates
device
Detector

I3 BEESMHOEOL R BT U R G R A )
Fig. 3. A schematic layout of the DUV laser-based LEEM/
PEEM system!®),
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bined system.
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Fig. 5. (a) PEEM image of multilayer graphene on Ru
(0001) taken with Hg arc lamp; (b) spatial resolution calcu-
lated from obtained PEEM imagel™.
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Fig. 6. Optical system of LEEM (E-Gun).
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Fig. 7. (a) Dark field image and (b) LEED pattern of a (2 x 1)
reconstructed Si (001) surface; (c) spatial resolution calcu-
lated from obtained LEEM imagel™.
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Fig. 8. (a) DUV-PEEM image of PbO islands on Ru(0001);
(b) spatial resolution calculated from obtained PEEM im-

agel™,
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Fig. 9. (a) Schematic drawing of energy filter in PEEM sys-
tem; (b) DUV-photo emission spectrum obtained from is-
land-shaped PbO grown on Ru (0001) in dispersion mode;
(¢) normalized line profile with the calculated spatial resolu-
tion from selected area marked in panel (b).
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Fig. 10. (a) Schematic structure and out-of-plane hysteresis loop of MgO (001) sub. /Cr (5 nm)/Pt (10 nm)/FePt (20 nm) films;
(b) LEEM image (E, = 8.6 ¢V) and LEED (E, = 16.3 eV) pattern (inset) of FePt film; (c) magnetic domain (contrast enhanced) of
the area marked by a red dashed rectangle in (b) taken with circularly polarized DUV laser; (d) magnetic domain image of the FePt

films with the same structure obtained by magnetic force microscopy; (e) normalized line profile with the estimated spatial resolu-

tion from selected area marked in inset!®).
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Fig. 11. (a) Schematic drawing of a Pt seed layer with Cr step. (b) UV PEEM image of Pt seed layer consisting of two orientations.
LEEM and LEED patterns of the selected areas marked by blue rectangles in panel (b): (¢) dark area A, (d) light area B and
(e) boundary area C. (f) DUV-PEEM image of the selected area marked by a red dashed rectangle in panel (b). (g) Linear dichro-

ism image of the same area as panel (f)%.
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Fig. 12. (a) UV-PEEM image of FePt film deposited on Pt
seed layer with two orientations. LEED patterns of selec-
ted areas marked by blue rectangles in panel (a): (b) light
area I and (c) dark area II. (d) DUV-PEEM image of the
selected area marked by a red dashed rectangle in panel (a)

taken with linearly polarized laser!6.
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Fig. 13. DUV-PEEM images taken with (a) left-circularly polarized and (b) right-circularly polarized light; (¢) MCD image of FePt
film; (d), (e) DUV-PEEM images taken with linearly-polarized laser (polarization shown by red arrow); (f) MLD image of FePt
film; (g) polarization dependent MLD asymmetry for the selected areal®.
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High resolution imaging based on photo-emission electron
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Abstract

Magnetic imaging technology based on photo-emission electron microscopy (PEEM) has become an
important and powerful tool for observing the magnetic domain in spintronics. The PEEM can get access to
real-time imaging with high spatial resolution and is greatly sensitive to the spectroscopic information directly
from the magnetic films and surfaces through photoemission process with variable excitation sources. Moreover,
the breakthrough in the deep ultraviolet (DUV) laser technology makes it possible to realize domain imaging
without the limitation of synchrotron radiation facilities or the direct excitation of photoelectrons due to the
high enough photon energy of the source in the current threshold excitation study. In this review article, the
deep ultraviolet photo-emission electron microscopy system is first introduced briefly. Then, a detailed study of
the magnetic domain observation for the surface of L1j-FePt films by the DUV-PEEM technique is presented,
where a spatial resolution as high as 43.2 nm is successfully achieved. The above results clearly indicate that the
DUV-PEEM reaches a level equivalent to the level reached by X-ray photoemission imaging technique. Finally,
a series of recent progress of perpendicular FePt magnetic thin films obtained by the DUV-PEEM technique is
provided in detail. For example, a stepped Cr seeding layer is used to form the large-area epitaxial FePt films
with (001) and (111) two orientations, where magnetic linear dichroism (MLD) with large asymmetry is
observed in the transition area of two phases. The signal of MLD is 4.6 times larger than that of magnetic
circular dichroism. These results demonstrate that the magnetic imaging technology based on DUV-PEEM with
excellent resolution ability will potentially become an important method to study magnetic materials in the
future.

Keywords: photo-emission electron microscopy, deep ultraviolet laser, magnetic circular/linear dichroism,

high resolution magnetic imaging
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